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FOREYORD

This report gives the results of & study carried out Lo determine the
correlaticn between twc methods for dete-mining the cleanliness (oxygen
number) of feather filling materiasls. Both methods are widely used by
the various state bedding law enforcement agencies end the Federal
Goverument. No systemetic attempt had been made previously to estatlish
the equivalency of the resulting data. This study shows that the two
methods have a high degree of correlation and the relationship between
them can be expressed by a regression equation. This vwork was curried out by
the Textile Engineering Section, Fiber and Fabric Research and Engineering
Branch, Textile Research and Engineering Division of the Clothing and
Persocnal Life Support Equipment Laboratory under Code 10342450, Refinement
of 8pecific Test Methods.

Special acknowledgment is made to Dr. S. J. Kennedy, Director,
Clothing and Personal Life Support Equipment laboratories, for his
direction of the study snd to Mr. Howard C. Winslow, Assistant Chief of
Furniture and Bedding Inspection, State of Celifornia, whose laboratory
made oxygeu number determinations by one of the two methods studled.
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{LSTRACT

The correlation between two methods of determining the cleanliness of
feather f11line materials has been deteriiined. Both methods determine
the "oxyren number"” by titratin: a water extrect of the fillinc materials
with & dilute rotassium permencenote solution. The methods differ in the
manner of preparing the water extract; and determination of the erd point.
In ore m~thod used by the Federel Government, the endpoint is determined
visurliy. In the otker method, used by the Laboratory of the Bureau of
Furniture and Bedding Inspection, State of Culifornia, the endpoint is
determined by a colorimeter. It was found that the two methods have a
hish degree of correlation, with a correlation coefficient of 0.982.
Tne following regression equation shows the relationship between the two
procedures where Q 1s the theoretical oxygen number according to the

Government method and C is the actual oxygen number determined by the
Celi "ornia method:

€ = 0,905C + 1.72

A1l of the actual values of ¢ were vithin two stendard errors of the
estimated theoretical values calcuioled by this cquation.
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TWO METHODS FOR DETERMINING
OXYGEN NUMIFRS OF FEATEER FILLING MATERIALS
Doboal ooar o and Qpjectives

CORRELATICN RBETWEEN T

over and insuleting qualities,

&

fmproved f1lling noesr.  To dmprove 1113 ng prFr, landfowl feathers are
weaally pon thyougk & ~hine which crastics or broiakz the shatft of the
fealiors. Lnmothis farm iy 2re known 3s craghed feathers. Down is by
for the most axponsive and Zandfowl faathers the least expensive of these
meteriale
o _ (1
Mntil ths 2ov lopment of the Tan-0-Quil~-GM process oy the U. Army
Natzek Lewera®s.ies, down and feathsrs, except for washing, had been used
L dn thedr satorad gtate. Feathers *roa+ﬁd bty *this process “ave greatly
| dmprovd £1l110g powey, cleanliness and resiatence to degradation. The
prozass has Yeen widely alopted by the feather and down industiry. A1)
faathars end down procured by the U, S, Army for sleepiang bags are treated.
Feathers 1.8 down, in thelr natural state, contain foraign matter
oaristing of hleod, #2il, vegetabls and fecal matter. Fortunately, thece
matay‘ale are easily rarmovad by A relatively rimple procedure of washing with a
Jetargent and an alkaline bulldsr followsd by several rinses and a laundry
our. Warhing and drying procedurss for thpue materials have been described
sy G L and Rog-re. Kapian and Cohpr\-) The latter authors found that
el washirg and Jdrving procedure properliy carried out, readlly
crayed the patural batteria fourd on feathers, with the
Yo spers foeming bhcilli,
To Asterpine of Sve Tesrbkose oY vr DeC) oper;y wan hclg.a method
Si oty ieg tle cleariimess 1x regoircde  Io 1926, 4d. F, Knight Jaescrived
wochod for *utermining the cleanlinezs of featheres, It consisted of
Straining an Coxvgea numrer” Ly Istermiring the amount of potassium Lerman-
mveate rngoared 10 Tawan a pirnk <aler to pers:ﬂt,%n a water extract of the
Trathave. In 10LI Kansz, Pomersnt: ard Erchtmanid) evaluated various mathode,
Jased nnn there werv, U State of New York slophed a methed
Jovsrivime v Toa Jivere of fiattess wolch congtstad ecqnnflallv cf
Litratlng A ater vaLiACE OF Lo foathzars with & C.) nermal potassium perman-
ganat s saivutian. W, R, Goer2 L0 in 1546 prorpcssd 8 gimilar wethod which was
Livd Yy tte Statae af Califorsfa. Triz wathod was Iater ravised by H. C. Winslow
R = npuant way Yrrerxined by 2 selorimster and recorder rather than
vieeallv, Te 190D Brigoadi a4l Matrice W) orisstipgaled varicus methods of
BEST AVAILABLE COPY

wead fu“ p rc*w+1f1ﬁ in pillows, sleceping baps
le generally are 21ivided into three broad
ra, down and landfowl feathers. Waterfowl
2 zr ¢lasgified ascording to their origin as either
e tataly _ dfowl feather:z as chicken or turkey. Down, due to
wte arique otr sbore, l¢ extremzly light in weight with righ filling power
and wxgellomt reszsillence. Waterfowl feathers differ from landfowl feathers
primvfluj 1n that tihey have & pronotnced curl which gives them their
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letermining the cleanliness of feathers and concluded that only the oxygen
number method gave consistent and.reproduce?b}e results. This method is

used in Militapy and Federal Specifications T)and by the State Bedding

lav Orficlals.” ' The State of California used the revised method developed, .,
by Geerz and Winslow. Botn netbods, &s. contained in Federal Standard 1&8&£9)
dre given in the Appendix. 1In the remainder of this report, these will be
i=fersd to as methods 4 and 12,respectively, corresponding to the nomenclature
1u Federal Standard l48a.

Methodas 4 and 12 are similar in men; respects. In both methods a
10 gram sampie of feathers cr down is tumbled in a Jjar with 1 liter of
istilled water and the extract is filtered and titrated with 0.1 normsl
potassium permanganate solution. They differ, however, in the following
mAnner :

a. The revolutions per minute (R, P. M.) of the tumbler jar is
55 R. P. M. for method 4 and 88 R. P. M. for method 12.

b. The total time of tumbling is 60 minutes for method 4 and 15 minutes
for method 12.

c. The size of the screen openings through which the extract is filtered,
is 7% microns (standerd no. 200) for method 4 and 420 microns (standard no. 40)
for method 12.

d. In method 4 the end point is determined visually while in method 12
it is determined with & colorimeter. |

Most of the State Laboratories use the ofliclal megsod of analysis of
the Associatic:. of Bedding and Furniture Tow Officiu]&i This is similar

to that of method 4 except that the rotc ond time of tumbling are followed
from method 12. Requirements for ogren numbers ver ‘»ng the varlous

states and Federal orgenizations. In gencral, hovew oxygen numbers greater
than 24 indicate the filling material .ias not been ¢ .perly washad.
Requirements in Military and Federal specifications vary from 6 for
Tan-0-Quil-QM treated waterfowl feathers and down to 12 for untieated crushed
chicken feathers.

The Laberatory of the Bureau of Furriture and Bedding Inspection, State of
Celifornia, recognized Aas ocutstanding in the fleld,has conducted studies
on teathers and down for the Federal Government and the Association of Bedding
and Furniture iaw Officials. Since cleanliness of feathers and down, as
devermined by the oxygen number is a requirement of the Federal Goverument
end of many of the states., it was considered desirable to determine If
m=thods 4 and 12 could be used interchangeably, and if not, what the
relationship was between tnem. This paper gives the resulis of a study
desiprned to answer these questions.

2 necedure

Three laboratories participated in this program. Each laboratory made
ten determinations of oxygen number on each of the eight types of feuthers

2
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end down listed in Table I. Two of these laborateries, coded © and L, uged
method 4 and one coded C, used method 12. Q is the laboratory ati the

J. S. Army Natick Laboratories, L is a commercial laboratory and C is the
laboratory of the Bureau of Bedding and Furniture Inspection, State of
Caelifornia. The eight types of material analyzed were selected as being
reprecentative of various types of commercial reterials and also to give a
range of oxygen numbers.

TABLE 1

Typus of Fllling Material Analyzed

Sample No. Description

634 Untreated Wnole Chicken Feathers

635 Tan-O-QuiluQﬁ Treated Whole Chicken Featbers

636 Untreated Waterfowl Feathers

€37 Mixture of 40% Down, 60% Waterfowl Feathers (Untreated)
638 Untreated Down

639 Tan-0-Quil-QM Treated Waterfowl Feathers

640 Untreated Crushed Chicken Feathers

6h1 Tan-0-Quil-QM Treated Crushed Chicken Feathers

To prepare uniform samples for analysls, one pound of material was
placed in a cylindrieal wire cage and rotated for one hour at 10 R. P. M.
The interior of tae cage was fitted with baffles wnich moved the material
from side to side in addition to the forward movement in the direction of
rotetion. The material was then piled on a table in the form of a cone end
divided 1nto three vertical sections or slices,one of which wvas sent to each
laboratory for analysis.

3. Besults and Biscuseion

The oxygen numbers determined by each laboratory and the averages
for the ten determinations made ou eech sample, are tabulated in Table II.
In the remainder of this report, unless otherwise stated, the values used for
oxygen numbers are the averages of the set of ten determinations msde on each
sample by a laboratory.
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The data in Table YT shows that all cf the individual determinstions
of oxyren rumbers made Ly laboratory L were multiples of 4., Also that for
five out of the ten sets of determinetions made, the 10 indivudal readings were
identical. Since one drop of 0.1 permanganate is approximetely .05 ml or an
oxygen number of 4, it is indicated that in these cases the oxygen number was

.deternined counting the number of drops of permanganate added and multiplying

by 4. Method 4 requires that the amount of permanganate used be determined
by readings on a burette calibrated to .02 ml., Nevertheless, a high degree
of correlation was obtalned between laboratories L and C or Q.

The regressicn equa%{is between laboratories Q and C calculated by the
method of least squsres wag (=0.905C + 1.72. Using this equation, values
for § (Teble IV) were calculated. The sum of the differences between labora-
tories using ectual and calculated values of oxygen mmbers (Table 1Vv), vas
found tc be about the same (-4.3 vs -4.6) indicating that the overall
differences in either case were about equal. The standard error of estimate
was 3., Theoreti-aily for & normal distribution, 95 percent of the values
should fall within two standard errors of estimate of the calculated values.
Actually (Table IV) all of the values were well within this limit. This is
shown graphically in Fignre U,

(12)
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The relation be+w:cn the oxygen numbers, as determined by each
leboratory !¢ shown graphically in Figures 1, 2 and 3. There appears
to be & high degree of correlation between the various lahoretories. This
was confirmed by the correlation coefficients given in Tu..e III. These
vere ~calculated vsing the procedure of Meroney 10,

TABLE_IIT

Correlation Coefficients - Between laboratories

Laboretories o Correlation Coefficient
Qvs L ' C C ~ .938
o vle | I | .960
Cvs Q .982

k. Conclusions

There 1s a high degree of correlation between methods 4 end 12 in Federal
Standard 148e, for determining oxygen numbers. The following regression
equation appears to fit the dataas all of the zctual values are within two
standard errors of estimate of the calculated value.

Q = On%SC + ln72

C is the oxygen number determined by method 12 and Q is the value according
to method k.
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TABLE IV

Comperison of Actual and Caloulated Values of Oxygen Numbers

Oxygen Numbers Total
Sample No. 634 635 63§7' 637 638 639  6Lo 6421
Luboratory ~
C actual 49.7 5.l 5.6. 11.6 34.6 5.2 53.1 9.8
Q actual 50.4 4.0 8.0 184 33.2 L4LO 454 8.3
Q calculated* 46.7 6.6 6.8 12,2 33.0 4.9 49.7 10.5
Q act - C act 40.7  -1.b +2.b 46,8 -4 1.2 8.7 -1.5 -4k.3
Q cal*- C act -3.0 +1.2 +l.2 +0.6 -1.6 0.3 3.4 +0.7  -4.5
Q cal¥- Q act -3.7 +2.6 -1.2 -6.2 0.2 +0.9 +4.3 +2.2 -1.3

*

695

Calculated from Q = Qudl + 1.72
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IETHOD 4
December 1G, 190Gk

Appendix
DETERMINATION OF OXYGEN NUMBER (TITRATION METHOD)

1. SCOYE

1.1 This method is intended for determining the oxygen number of feathers,
feather products, down and mixtures thereof by means of a titration process.

2. TEST SFECIMEN

2.1 The specimen shall consist of 10.0 + 0.1 grasms of mnterial prepared as
specified in 5.1.

3. NUMBER OF DETERMINATIONS

3.1 Unless otherwise specified in the material specification, two specimens
shall be tested from each sample unit.

%. APPARATUS AND REAGENTS

4.1 Apparatus

4,1.1 Tumbler jer. The tumbler Jar and apparatus shall be as specified in
method 5500 of Federal Specification CCC-T-191, except that the Jjar shall be
all glass or stainless steel.

4.,1.2 T4 micron (standsrd No. 200) esieve

4.1.3 Anslytical balance

4.1.4 Micro-burettes (2) (divided into 0.02-ml divisions).

,1.5 Porcelain cagserole

:.1.6 Stopwatch or other suitable equivalent, and timer

4.1.7 Beaker, 2,000 milliliters

4.2 Reagents

4.2.1 Distilled water

h.2.2 6N sulfuric acid

%.2.3 Potessium permanganate

11 Fed. S5td. No.
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5. PROCEDURE

S.1 Preparation of specimen. Approximately 28 grams of the material shall be
exposad in the unpacked state in & container composed of solid bottom with
screcned sldes and top until in stapdard condition. The material snall be
mixed with a rod over the exposure period tc insure complete relaxation and
~snditioping. The test specimen consistirg of 10.0 + 0.1 grams shall be taken
from the conditioned materiel.

5.2 The specimen shall be placed iz a tumbler Jjor with 1 liter of distilled
water, sealed and tumbled at room temperature for 60-G5 minutes. The result-
ing saspension shall be filtered through a T4 micron (Standard No. 200 sieve)
into a beaker. Do not squceze excess water from stock into beaker.

5.3 A 100-ml. aliquot of the sahove filtrate shall be transferred ¢to a

1L1 zidn casserole, neutralized and made acid with the addition of 1 to

2 milliliters excess of 6N sulfuric acid. The solution shall be titrated
with standard O.1N potaseium permangapate, by means of & burette divided
into 0.02-ml. divisions, adding apprcximately 0.02 ml. at a time until a
pink color persists for 60 seconds. This emall emount is not sufficient

to make & full drop and shall be collected on a glass stirring rod and then
added to the solution. Calculate oxygen number to the number of grams of
oxygen per 100,000 grams of the sample as follows: The nunber of milliliters
at 0.1N K MnOj, determined shall be multiplied by a constant (80). The
product from the multiplication ghall be considered "the initial oxygen
numbef of the feather material" ant in calculation of results is indicated
ag IIA R

5.3.1 Blank determination distilled water. A blank determinatio. shall be

made on distilled water to determine the oxygeén number of the water. This
shall be done by following the exact procedure stated aboyve excluding_the.
feather material. The value deteimined shall be considered "the blank deter-

mination of the distilled water .and in the calculations of results is
indicated as "B".

6. CALCULATION OF RESULTS

6.1 The true oxygen number of the feather material shall be calculated
from the fcllwolng formula:

True oxygen number >f feather material =A-B

Whar
A=Initial oxygen number of the. feather material
B-.Blank det:rmination of the distilled water

7. FREPORT
7.1 Tue true oxygen number of the sample unit shall be the average of the true
valuez obtai.ed from the specimens tested &nd shall be reported to the nearest

whole number.

12 FED. STD.NO. 148a




METHOD 12
December 10, 1964

Appendfx
DETERMINRATION OF OYYGEN NUMBER COLORIMETER METHOD
1. SCOPE
1.1 This method is intended for determining the oxygen number of filling
materials. In the interest of standardization of tasting requirements,
it 1s recommended that this wethod n:t be used in procurement documents.

2. TEST SPECIMEN

2.1 The cpecimen shall boneist of 10.0 + 0.1 grams of material preparcd as
specified in 5.1.

3. NUMBER OF DETERMINATIONS

3.1 Unless otherwise specified in the material specification, two upecimens
shall be teated from each sample unit.

4. APFARATUS AND REAGENTS AND METHODS CITED

4.1 Appsratus -

4,1.1 Tumtle jar. The tumble jar shall be as specified in method 5500

of Federal Specification CCC-T-191 except that the speed of the har shall

be adjucted to 88 + 2 revolutions per minute. An equivalent agitating device
may be used, but care should be exercised in its selection as the agitation
of the material influences the results of the test.

4.1.2 420 micron (Standard No. 40) sieve.

4.1.3 Analytical balance

4,1.4 Micro-burettes (2).

}.1.5 Colorimeter. Photovolt Colorimeter Model L4O1-T with filter #520 or
cquivalent.,

4.1.6 Recorder. Varjan Model GllA Strip Chart Rec-rder set to 25 mv span
with chart speed of 2 inches per minute and chert peper type 5A or equivalent.

4,1,7 Stopwatch or suitsble aquivelent
4.1.8 Besker. 2,000 ml.

4.1.9 Graduates. 1,000 ml., 100 ml.

13 Fed. Std. No. k8




L,» heagants

3.0.1 Diztilled water

§.2.2 ON sulfuric acid

4L.2.3 0.1N pctassium permangenate
5. PROCEDURE

.1 Preparstion of specimen. Apprcximately 28 grams of the material shall

be exposed in the unpacked state in & container with a s0lid bottom and

screened sides and top until in standard condition. The test specimen consisting
of 10.0 + 0.1 grams shall be tsken from the conditioned material.

5.2 The apecimen shall be placed in a tumble jar with one liter of distilled
water and tumbled &t rcom temperature for 15 minutes., The resulting suspension
shall be filtered through s 420 micron (Standard No. UO) sieve into a 2,000-ml.
beaker. The stock will be captur2d by the screen sieve and the wash liquor wil?
pass through into the beaker. Do not squeeze excess water from stock into bee

5.3 Remove & 200-wl. aliquot of the filtrate from the 2,000-ml. beaker ani p.

a colorimeter c2ll. Add 2 ml. of 6N sulfuric acid. (Note: If colorimeter anu
recorder used are of the type that requires a warm up period, the apparatus shall
be started and allowed to operate for a period of 5 minutes before use). Turn on
stirrer on colorimeter and switch recorder chart switch from stani-by to low.

S.4 Adjust colorimeter by fine and coerse adjusting controls until the meter
reading on the colorimeter is 9C-on the percent transmission scale. Indicator
pen on the recorder must agree with percent trausmisaion meter reeding. If
transmission reading and recording line reading are not the same, adjust recorder
until rezorder is inmlence with transmission :<ading on colorimeter.

5.5 If wash liquor being tested is. too térbid to adjust colorimeter to 20 percent
irancmission, choose a lower percent transmission to which the colorimeter will
adjust. Again, colorimeter and recorder must agree,

5.6 When recorder and colorimeter are in adjustment, by means ci a 5-ml.

burette divided into 0.G2-ml. dividions, add 2 drops of 0.1 X potassium
permanganate per minute (utilizing a stopwatch) until the recorder chart paper
shows a deviatior of not less than 2 lines (rumbers) below the original setting,
1.2., 1f origipal setting wvas 90, a reading of not more than 80 must be recording
a8t the end of a minute interval before test is stopped. " e number of milliliters
of potassium permanganate used to indicate a deviati.n of not mnore than two lines
or numbers within the specified setting shall be muitiplied by a constant (40)

to determine the oxygen number of the feather material. The resulting product
shall be considered "the initial oxygen number of the feather materiel®” and in
celrulation of results is indicated as "A". The milliliters of O.1N potassium
permanganate used is equal to original reasding of S-ml. burette containing the M.l
potassium permenganate minus the final reading.

14 FED. STD. ¥0. 1L8e




5.7 Blank Determination Distilled Water

A blank determination shall be mude on the distilled water., This shall be
determined as specified in 5.6, excluding the feather material and agitating
veriod. The value determined shall be considered "the blank determination
of the dictilled water” and in calculation of results is indicated as "B".

6. CALCULATION OF RESULTS

6.1 The true oxygen number of the feather material shall be calculated from
the following formula:

True oxygen number of feather material=A-B
Where: A=Inltial oxygen number of the feather material
B=Blank determination of the distilled water

7. REPORT

7.1 The true oxyger number of the sample unit shall be the average of the
true values obielined from the specimens tested and shall be reported to the
nearest whole number.

FED. STD. NO. 14Ba
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